Ouabain-binding and phosphorylation of (Na+ + K+) ATPase treated with N-ethylmaleimide or oligomycin.
Ouabain-binding and phosphorylation of (Na+ mk+)-ATPase (EC 3.6.1.3) of the plasma membranes from kidney were investigated after treatment with N-ethylmaleimide or oligomycin. Either of these inhibitors brought about the following changes: the phosphoenzyme, formed in the presence of Na+, Mg2+ and ATP became essentially insensitive to splitting by K+ but was split by ADP. One mole of this ADP-sensitive phosphoenzyme bound one mole of ouabain but the enzyme-ouabain complex was less stable than in the native enzyme primarily because the rate of its dissociation increased. Ouabain was bound to the ADP-sensitive phosphoenzyme in the presence of Mg2+ alone and addition of inorganic phosphate enhanced both the rate of formation and the steady-state level of the enzyme-ouabain complex. The inhibitors did not affect the properties of this second type of complex. Both in the native enzyme and in the enzyme treated with the two inhibitors inorganic phosphate enhanced ouabain binding by phosphorylating the active center of the enzyme as shown (a) by mapping the labeled peptides from the enzyme after peptic digestion, (b) by inhibition of this phosphorylation with Na+ and (c) by the 1:1 stoichiometric relation between this phosphorylation and the amount of bound ouabain. Unlike the phosphoenzyme, the binding of ouabain remained sensitive to K+ in the enzyme treated with the inhibitors. K+ slowed ouabain-binding either in the presence of Na+, Mg2+ and ATP or of Mg2+ and inorganic phosphate. A higher concentration of K+ was needed to slow ouabain-binding either in the presence of Na+, Mg2+ and ATP or of Mg2+ and inorganic phosphate. A higher concentration of K+ was needed to slow ouabain-binding than to stimulate dephosphorylation. This finding is interpreted as being an indication of separate sites for K+ on the enzyme: a site(s) with high K+-affinity which stimulates dephosphorylation, another site(s) with moderate K+-affinity which inhibits ouabain-binding. Inhibitors may enhance formation of the ADP-sensitive phosphoenzyme by blocking interaction between K+ and the site(s) with high affinity.